Increased predation losses in beef cattle in the Northern Rocky Mountains raise the importance of research concerning maternal behavior around the time of parturition. Separation behavior of multiparous cows at parturition was studied by measuring the distance (m) between the birth place and the main herd with a GPS device. Age of cows and forehead hair whorl pattern (HW) were analyzed as possible factors affecting separation distance. A total of 333 cows (95% Red Angus and 5% Angus × Hereford commercial crossbreds; age range: 3 -6 yrs) were studied. Separation distance was determined by approaching the cow-calf pair with a utility vehicle that gradually decreased the distance to the pair. The geographic coordinates per pair were recorded and the separation distance was calculated as a straight line between each pair and the main herd. The HW on the forehead of each animal was used as a measure of individual differences in temperament. Age and HW were collected when the animals were held in a squeeze chute. HW was classified into one of six groups: high, middle, low, abnormal, multiple HWs and no HW. The age of a cow influenced the separation distance for parturition (P < 0.001). Four-year-old cows were on average about 150 m further away than other aged cows when calving. Eighty-eight percent of cows separated more than 100 m from the herd. The hair whorl position had no influence on the separation distance (P = 0.405). Distinct separation behavior for parturition was observed in this herd which appears to be an innate behavior that is influenced by the individual temperament of the cow.
Introduction
In ungulates, when a cow approaches parturition, there are two distinctively different behaviors that can be ob-served. One is aggregation behavior, which is observed in saiga antelope (Saiga tatarica; [1] ) and wildebeests (Connochates taurinus; [2] ) which is often influenced by resource availability and predator presence. The other is separation behavior which is observed in caribou (Rangifer tarandus; [3] ) and moose (Alces alces gigas; [4] ) in which females move away from the herd to give birth unaccompanied. Aggregation behavior is effective because other females will cooperate in defending the group against the predator. Separation behavior is effective because predators have greater difficulty locating the parturient dam. Leuthold, 1977 [5] suggested that maternal isolation at calving reduces the risk of predation and facilitates imprinting between the cow and her newborn calf.
The investigation of maternal protectiveness towards the calf after parturition has become of increasing importance since the reintroduction of gray wolves in the Northern Rocky Mountains [6] . A study by Flörcke et al. 2012 [7] investigated maternal protectiveness and calf defense patterns of cows 24 h after parturition and found that cows vary in their level of vigilance towards their surroundings. Vigilance is associated with the temperament of the cow and can be directly linked to the survival chances of the calf. It has been found that cows without a facial hair whorl are 20% more likely to lose their calf compared to cows with facial HWs [8] . The separation for parturition represents a potential risky situation for cow and calf as well as for producers. Steadily increasing losses due to predation have been observed [9] . Learning more about parturition behavior in cows may assist ranchers in reducing predation.
In cattle, Lidfors et al. 1994 [10] reported large individual differences in separation behavior between parturient cows which was further influenced by the type of environment. In forest, areas, cows exhibit shelter seeking behavior similar to wild relatives. In open areas without trees, soft dry bedding seemed to be the most important factor and calving occurred at random places. Individual differences, also referred to as temperament or personality, can be used to predict behaviors in unfamiliar environments and these differences are heritable and consistent over time [11] - [13] . The spiral HW on the forehead of a cow can be used as a predictor of the individual temperament of the animal [14] [15] . Cows with higher HW positions are more excitable and more easily agitated during restraint [14] . Maternal vigilance of animals with a high HW is greater than vigilance behavior in animals with a lower HW position. These cows pay more attention to their surroundings and they perceive threats earlier [7] . In horses, there is an association between the facial HW and motor behaviors [16] . Horses with a spiral HW that turns counter-clockwise tend to be left-lateralized and horses with clockwise HW are more likely to be right-lateralized. In addition, there is an association between visual laterality and emotions [17] . Laterality was shown when the mares were confronted with a familiar positive-, a novel-and a negative object. Mares preferred to use their right eye to look at the novel object and their left eye to investigate the negative object [17] .
In this study, we examined the possible influence of the HW and age of the dam on separation distance from the herd for parturition. We further investigated if the rotation of the spiral HW (clockwise/counter-clockwise/radiant) had an effect on separation distance. Within the first 24 h after parturition, the separation distance of cows was recorded and analyzed. Understanding maternal and separation behaviors around the time of parturition may help ranchers reduce predation losses in the future.
Material and Methods
Observations were made in compliance with Colorado State University Animal Care and Use Committee Protocol IACUC # 10-2267A.
Animals and Environment
This study was conducted on a commercial Red Angus cow-calf ranch near Byers, Colorado, USA, in 2011. Calving season started in early February and lasted until June, 2011. Ninety-five percent of cows were commercial Red Angus and the remaining 5% were Red Angus × Hereford commercial crossbreds. Free-ranging multiparous cows (total herd: N = 836; 3 -6 years of age), maintained in an open pasture were used. Cows on this ranch calved for the first time as 2-year-old heifers while housed in a small pen where they were observed closely at all times. Two-year-old heifers were not included in the study due to differences in handling and pen size. The 3-year-old cows were turned out with the older cows on a big pasture and calved unobserved for the first time. The single pasture was approximately 320 ha with undulating hills, small bushes (height: 40 -60 cm) and sandy soil but no trees. The pasture had a rectangular layout with one narrow corner on the north side ( Figure 1 ). Cows were fed corn stalks each morning between 0800 -1000 h and had unlimited access to water from water troughs. Each day, cows that were pregnant, or had a calf that was able to walk on its own would all aggregate in the morningaround the feeding ground. This facilitated identification of parturient cows which would separate from the herd (minimum distance = 25 m to be included in study). Cows that calved closer than 25 m to the herd were not included in the study. The main predators on this ranch were coyotes. Coyotes were sighted on multiple occasions consuming afterbirth but did not kill any livestock during the observed calving season of 2011. However, during several previous calving seasons, predation losses were recorded and cows had experienced the presence of predators.
Cow Age and Hair Whorl Pattern (HW) Collection
Age and HW on the forehead of all cows were recorded while cows were in a squeeze chute for pregnancy diagnoses. The experimenter identified the HW position and drew it on a piece of paper. Hair whorls were classified as being high, middle or low position. Using the eye-line as a reference point, HW were further classified as being abnormal, multiple (more than one, all with a clear center) or none (no HW on forehead). Examples of the HW drawings are shown in Figure 2 . Classifications are mutually exclusive and animals were classified into one of these six groups.
Global Positioning System (GPS) Data Collection
GPS data were collected from Febr. device to locate the position of cow and calf on the pasture (Manufacturer: Garmin etrex H Yellow, Garmin International Inc., Olathe, KS, USA). Data collection started at 0800 h every morning and lasted up to 4 h. During this time, the main herd would aggregate around the feeding ground. The center of the feeding ground was used as a reference point for GPS calculations. All separation distances were calculated as a straight line to the center point. All cow-calf pairs were approached within the first 24 h after parturition when the pairs' mobility was lowest. To obtain data on the distance between the feeding area and the parturition site, the cow and her newborn calf were spotted with binoculars on the pasture. Each cow-calf pair was approached with a utility vehicle (gray GMC Jimmy) which gradually decreased the distance to the cow-calf pair (range of speed during approach: 8 -16 km/h [7] . This approach occurred only once per pair. Separation data was obtained for 333 cow-calf pairs
after parturition. Collecting data on more animals was logistically not possible since some cows calved at night or could not be found during the day. Interferences with other cows while performing the observations did not occur due to the large size of the pasture and the natural separation behavior of cows. The maximum distance a cow could separate from the herd before parturition was 1250 m.
Statistical Analyses
Data were normally distributed and variance was homogeneous (Levene's test). Analysis of variance was conducted using SPSS 17.0 (SPSS, Inc.) with separation distance as the dependent variable and age, HW and HW rotation as factors. We discovered an effect of age on separation distance (P < 0.05) and thus conducted a post-hoc protected Fisher's LSD test to determine differences between each combination of age groups (3 vs. 4, 3 vs. 5, 3 vs. 6, 4 vs. 5, 4 vs. 6 and 5 vs. 6). The significance level was set to P < 0.05 for this study and graphs show mean values with standard error bars.
Results
The separation distance for parturition ranged from 25 m to 1250 m. Hollows with sandy soil surrounded by small bushes were preferred for calving. The cows in our study spent approximately 12 to 24 hrs at the parturition site. A total of 95.2% (n = 317) of cows separated further than 50 m from the feeding area where the main herd was located, 88.3% (n = 294) separated further than 100 m for parturition. The age of a cow greatly influenced the separation distance for parturition (P < 0.001, Figure 3) . Four-year-old cows separated on average 714 m (±SE 38.3 m) from the main herd whereas the other aged cows (3, 5 and 6 years) separated 508 m ± SE 23.5 m. To visualize the spatial distribution behavior of cows on the pasture when separating from the herd we plotted the geographic coordinates for each cow-calf pair, separated by age of the cow (Figure 1) . Only one cow within the observed herd calved in a narrow corner (age 3, latitude: 39,893, longitude: 104,052). The HW of cows had no influence on the separation behavior (P = 0.405) and there was no association between the HW rotation and separation distance (P = 0.782).
Discussion
We were able to show the active separation behavior of Red Angus beef cows before parturition. Since differences in temperament influence the separation distance it is not surprising to see that the separation distance varied between 25 and 1250 m. Several researchers reported that separation behavior is influenced by the environment. In open environments with few trees, females of many wild ungulate species tend to aggregate in large Figure 3 . Mean separation distance (m) of cows after parturition from the main herd and the feeding area, classified by the age of cows. Included are mean values per age group ± SE (age 3, n = 85; age 4, n = 86; age 5, n = 73; age 6, n = 89).
numbers to give birth. This may serve as a confusion strategy against predators [1] [2] [18] . In forest environments, ungulate females tend to seek isolation either in woody vegetation or tall grasses [5] [19] and American Bison prefer cover by oak trees [20] . The difference between wild ungulates and our study is that the cows were fed every morning at the same location. This influenced their dispersal behaviors. Before parturition, 88% of cows actively separated more than 100 m from the main herd and the feeding area. Our findings are in agreement with the model of Barbknecht et al. 2011 [21] . Their model predicts that females should select parturition sites based on the features of the macro-and microhabitat. The macrohabitat represents topographical and vegetative cover for physical and thermal protection such as hill and groups of trees and the microhabitat provides visual cover due to hollows or bushes. We found that visual cover formed by bushes and hollows was highly preferred over more open spaces for parturition.
The availability and selection of cover may have altered the time spent at the parturition site [22] . Since smaller bushes provide less cover and protection it might be favorable for the cow-calf pair to leave the parturition site earlier, whereas more time can be spent if better protection is available. However, even the short time period of separation allowed for undisturbed parturition andallowed the formation of the cow-calf bond. Leaving the birth site shortly after parturition may have corresponded with higher calf survival, as has been found in a similar study in woodland caribou (Rangifer tarandus) [23] .
The age of cows had a significant effect on separation distance. With an age range of 3 -6 years, cows on this ranch were relatively young. The 2-year-old heifers (first time calving; not included in the study) may have had a less well developed mother-young bond due to the limited space for parturition in the pen and separation behavior was impossible. Three-year-old cows calved unobserved on the big pasture for the first time. Separation behavior may have been less likely in these cows because they had previously calved in a small pen. Aberrant maternal behaviors have been found in inexperienced mothers [24] . It is interesting to look at the spatial distribution of all the cows in this study (Figure 1) . Only one 3-year-old individual chose to calve in a narrow corner which may represent a trap in case of predation presence. This may be due to inexperience. The 4-year-old cows which calved on the pasture for the second time had the greatest separation distance. Based on life history characteristics associated with parturition cows may be more vigilant towards their surroundings to assure protection of the calf [7] and the separation behavior may help imprinting between cow-and calf [5] . Lent 1974 [25] found that parturition frequently attracts other conspecifics and even males which may lead to less well developed mother-young bonds [26] - [28] and licking by conspecifics can even lead to desertion of the newborn calf [26] . Therefore, the separation of 4-year-old cows may represent a learning process to guarantee a close mother-young bond and improved protection. However, in areas with high predation this behavior may be disadvantageous in terms of predation pressure and we would recommend keeping parturient cows in close proximity to the barn, if possible. Cows that are older than four years are likely more dominant because they are full grown and established their social rank in the herd. These cows can calve in closer proximity of the herd and chase away younger cows to prevent licking of the newborn calf [28] and still develop a strong mother-young bond. Separation of younger cows may be a defensive strategy [29] to guarantee the maternal bond without being interrupted during parturition. Further studies should be conducted in an area with wolf predation to assess possible differences in separation and maternal behavior of cows in different predation environments.
The temperament of the cow, measured by the HW position and rotation, did not influence the separation distance. It has been found that animals with higher HWs tend to be easily agitated [14] and that cows with higher HWs are more vigilant towards their surroundings [7] but this was not reflected in an increased separation distance.
Conclusion
We observed distinct separation behavior before parturition from the main herd (Red Angus and Red Angus × Hereford commercial crossbreds). We suggest that the short-time period of separation for parturition probably allowed for a greater separation distance and additionally improved imprinting between cow and calf even though predation risk may be increased. Four-year-old cows moved the furthest away from the herd and overall, 88% of cows separated more than 100 m from the feeding area. No effect of temperament, measured by the spiral HW on the forehead of cows, on separation distance for parturition was found. Maternal behaviors around the time of parturition have become of increasing importance and need to be included in selection programs to maintain sustainability for ranchers in areas with high predation.
